Local instability of wave packets is related to an exponential increase of the second moments of the components A Pi 2 and A Qi 2 of the momentum and position operator as a function of the expectation values <Pj> and <(?<>• Equations of motion for zlPi 2 and AQi 2 are derived. In the quasiclassical limit, the instability criterion approaches the Toda-Brumer criterion [1, 2] If, for example, there is only one eigenvalue A; < 0 for a given energy, the time dependence of the dif-
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a transition from non-ergodic (regular) motion of trajectories to ergodic (non-regular) motion as a function of energy. This has recently been demonstrated by Benettin, Brambilla, and Galgani [3] .
However, the criterion can be successfully used to study qualitative trends about ergodicity. The prediction of the onset energy for ergodic motion in a chain of a large number of particles with thirdorder anharmonicities is a good example of this application [4] . Moreover, the criterion was incorporated in theoretical concepts [3, 5] as a starting point toward a global criterion for the determination of the critical energy Ec for the onset of stochastical motion in classical non-linear systems.
In contrast to the situation with classical motion, the concept of trajectories is lacking in quantum mechanics [6] . Most of the work on quantum ergodicity has involved investigation of the transition from regular to irregular quantum states [8] [9] [10] [11] [12] .
The concept of local and global states in quantum number space of Nordholm and Rice [11] , which was generalized by Stratt, Handy, and Miller [12] , represents a special formulation of a global criterion to obtain Ec in quantum vibrational systems.
In this paper the concept of trajectories is carried over into quantum mechanics in a straightforward manner. If we assume that the dynamical state of the system is described by some kind of 
as a natural generalization of the classical picture.
As a conjecture we identified the classical square distance d 2 with the expectation value of A 2 in the quantum treatment. 2 is the sum of the mean square deviations of the position and momentum components. In this picture, local instability of the quantum trajectory a (t) is obtained if the spread of the wave packet xp (q, t) grows exponentially at least in one direction in coordinate space. The time dependence of d 2 can be evaluated using standard operator techniques [13] . We first expand the potential energy V (q) in a Taylor series about x -(x±,..., xn), giving
V(q)=V(x) + (q-x) TVFW
Here A is a symmetric real matrix with components Ajk = Ajcj -(d 2 VI(jXj dx-n) and (q -*) T is a row vector with components of the column vector The local coordinates are defined as
The potential energy now has the form
The general form of the kinetic energy is invariant under the transformation U; i.e. 
2T=-2d
where 
These two equations provide the basis for a discussion of the possible onset of instability of the quantum trajectories in relation to the time-dependence of d 2 Eq. (4), or of the equivalent expression
However, a complete solution of the system of Eqs. (11 -12 ) is a more complicated problem than is the equivalent problem in classical mechanics. We will, therefore, discuss only some general properties of this system.
In the quasi-classical limit, one can assume that the potential energy is a smooth function of the coordinates over the extension of the wave packet; i.e., the potential can be well approximated as a piece-wise quadratic function. This approximation implies that the inhomogeneities in Eqs. (11 -12) can be neglected to yield the quasi-classical equations
Since the eigenvalues Xj are still functions of time as a consequence of the time-dependence of the <Q])> = X)(t), Eq. (13) That is to say, the local stability criterion of a quantum trajectory in the quasi-classical limit is just the Toda-Brumer criterion [1, 2] . This result retrospectively justifies the conjecture made above.
If the quasi-classical description of the motion of quantum trajectory is only a very poor approximation, the inhomogeneities of Eqs. (13) can no longer be ignored. These terms explicitly contain the non-linear parts of the dynamical system which cause an exchange motion between the different degrees of freedom. For k = j. the terms ZXj/ZXk • ({Qi -A,)3>, and -(PjiQj-X^Pj}} represent some anharmonic forces for the widths of AQj 2 and APj 2 along the local "normal" coordinate Qj, but they do not couple the quasi-classical Equations (13) . For k =f=?\ these inhomogeneities can be interpreted as forces for the motion of A Pj 2 and AQj 2 "towards stochasticity" since they cause other degrees of freedom to influence the motion along Qj. For separable systems, for which Qj represent also global coordinates, these latter forces vanish, i.e., the spread independently in time and no "ergodic behaviour" (however this will be defined) is to be expected. One can conjecture that the inhomogeneities of Eqs. (11 -12) are at least as important for the onset of instability as a function of energy as is the occurrence of eigenvalues Xj < 0.
The onset of local instability of D can possibly be used to study the transition between ergodic and nonergodic behaviour of wave packets if one applies some kind of ensemble averaging in the energy shell
